ABSTRACT -Genetic parameters of agronomical traits of peanut were estimated and the coefficients of genotypic correlation between the grain yield and the primary components of the yield apportioned into direct and indirect effects. The cultivars (Tatu, BR 1, L.7 Vermelha, CNPA 75 AM, CNPA 76 AM, CNPA 68 AM, L.8.14.12, L.8.14.01 and L.7 Bege) 
INTRODUCTION
Peanut (Arachis hypogaea L.) is a leguminous plant of high nutritional value and is a protein and energy source in developing regions; it produces high quality oil, is rich in essential fatty acids, as well as in the vitamins E, B 1 and B 2 , and has a easy digestibility. Compared with other oleaginous plants, it is relatively drought-resistant and of great socioeconomic importance in semi-arid regions.
In spite of the crop's remarkable potential, the expressivity of peanut is still low, mainly because of the 1 Departamento de Biologia, Centro de Ciências da Natureza, Universidade Federal do Piauí, Campos Ministro Petrônio Portela, BL-02, FG-1, Ininga, 64.049-550, Teresina, PI, Brasil. *E-mail: rlgomes@ufpi.br restricted adoption of appropriate technologies and the low genetic quality of the cultivars farmers use (Santos et al. 1993 ). In the northeastern region, the cultivars planted are generally acquired on open markets or reused from preceding plantings, limiting the crop yield (Santos 1995) .
The improvement programs of peanut have achieved considerable progress in the last decades, however, very little of the existing broad genetic variability in the germplasm of the species has been used (Upadhyaya et al. 2002) .
The estimation of genetic parameters represents a useful tool in improvement programs, allowing an RLF Gomes and ACA Lopes
MATERIAL AND METHODS
Three cultivars and six lines were used: Tatu, BR 1, L.7 Vermelha, CNPA 75 AM, CNPA 76 AM, CNPA 68 AM, L.8.14.12, L.8.14.01 and L.7 Bege, respectively. These genotypes, provided by Embrapa Algodão, presented upright habit type, sequential branching and a short cycle. The lines CNPA 75 AM, CNPA 76 AM and L.7 Bege belong to the Spanish group and have cream-colored seeds, while the other genotypes belong to the group Valence and have red seeds.
The evaluation was realized in Teresina, state of Piaui, lat 5º 5' S, long 42º 29' W and altitude 72 m asl, from February to July 2000, on a plain area of the Neossolo type soil with a sandy franca texture, in an experimental design of randomized complete blocks with five replications. Each plot consisted of a 5 m long row, where the plants were spaced 0.10 m and rows 0.70 m apart.
The evaluated traits were: plant height at flowering, number of pods per plot, percentage of empty pods, number of seeds per pod, weight of 100 seeds, pod yield, grain yield and ratio seed weight to fruit weight.
The statistical analyses were realized using software Genes (Cruz 2001) . In all analyses the genotype effects evaluation of the potential of the variability presented by the study populations.
Traits of agronomical importance can be correlated to each other in different magnitudes. The coefficient of correlation reflects the degree of association and its estimate shows how the selection for a trait influences the expression of other traits. However, despite their great usefulness, the coefficients of correlation do not express the exact relative importance of the direct and indirect effects of these factors (Cruz and Regazzi 1994) . The partitioning of the coefficient of correlation by the path analysis, developed initially by Sewall Wright according to Li (1956) , consisted in the study of the direct and indirect effects of traits on a basic variable, whose estimates are obtained by regression equations in which the variables are previously standardized. Knowledge on the direct and indirect correlations, especially of the yield, allows breeders to use this additional information to discard or promote genotypes of interest (Pandini et al. 2002) .
This study had the aim of estimating genetic parameters of agronomical traits of peanut and to split the coefficients of genotypic correlation between the grain yield and the primary components of the yield in direct and indirect effects.
were considered fixed, implying that the possible inferences to be realized should be limited to the genotypes under study. Analyses of variance were realized and coefficients of variation estimated which provided information regarding the experimental precision. The coefficient of genotypic determination (h 2 ), the relation b and the phenotypic (r F ), genotypic (r G ) and environmental correlations (r A ) were estimated based on the quadratic components of the analyses, using the expressions proposed by Vencovsky and Barriga (1992) .
In the path analysis, the coefficients of genotypic correlation between the grain yield and the primary components of the yield (number of pods per plot, number of seeds per pod and weight of 100 seeds) were partitioned in direct and indirect effects via the others. In the diagram presented in Figure 1 , the direct influence of the primary components on the yield is shown by unidirectional arrows and measured by the path coefficients (P), while the indirect influence is measured by the sum of the products of the correlation coefficients by the path coefficients (rP). The bidirectional arrows indicate correlation, which is measured by coefficient r. In the referred partition, the following equations were established: r 12 = P 12 + r 23 P 31 + r 24 P 41 r 13 = r 23 P 21 + P 31 + r 34 P 41 r 14 = r 24 P 21 + r 34 P 31 + P 41 A determination of the variation of the grain yield (GY) by the effects of the primary components, considered jointly, can be obtained by the equation of determination according to Li (1956) = 1 -R 2 1 (2, 3 and 4) → variation of the grain yield due to the residual variable X; P 2 X1 = residual effect.
RESULTS AND DISCUSSION
The genotypes presented significant effects for all traits, demonstrating the existence of variability in the evaluated genotypes, with exception of plant height at flowering ( Table 1 ). The coefficients of variation (CV) evaluated in the experiment showed that the trait weight of 100 seeds (5.26%), relation seed/fruit (5.26%) and plant height at flowering (7.98%) presented the best experimental precision. For the number of seeds pod -1 , number of pods plot -1 and pod yield, the CVs attained mean values of 15.43, 17.78 and 20.43%, respectively. The high CV values for grain yield (28.12%) and percentage of empty pods (36.61%) can be considered acceptable and are in agreement with literature (Santos et al. 1993) .
The highest estimates of the coefficient of genotypic determination were observed for weight of 100 seeds (98.63%), number of pods plot -1 (95.79%), grain yield (89.94%), number of seeds pod -1 (89.55%), and pod yield (84.03%), indicating a greater possibility of achieving superior genotypes in the selection for these traits. Santos and Moreira (1994) found high coefficients of genotypic determination for the initiation of flowering (97.00%), weight of 100 seeds (90.00%) and weight of 100 pods (87.00%). Ntare and Williams (1998) obtained low estimates of heritability, insignificant for pod yield in the initial generations. According to Knauft and Wynne (1995) , low estimates of heritability in the narrow sense were found for grain yield, yield components and traits associates with peanut quality. Regarding relation b there was a favorable situation for the selection of superior genotypes for the traits weight of 100 seeds (3.79), number of pods plot -1 (2.13), grain yield (1.34), number of seeds pod -1 (1.31), and pod yield (1.03), whose values were above 1.0.
Line CNPA 76 AM presented the highest number of pods per plot and was among the genotypes with lowest percentage of empty pods ( . The color of the outstanding genotypes showed no difference. Já Rego and Santos (1994) verified that the red-skinned genotypes were more productive than the beige ones. The data percentage referring to the relation seed/fruit, that is, the yield of perfect seeds in relation to the weight of dry pods varied from 54.59 to 67.53%.
In general, the genotypic correlations had the same signal and were superior to the phenotypic correlations (Table 3 ). This indicates that the phenotypic expression of the association between the traits is diminished by environmental interferences, which hampers the selective process. Estimates of the genotypic correlations of plant height at flowering with weight of 100 seeds, pod yield and grain yield were of moderate to high magnitude (r G from 0.581 to 0.800), indicating that within the genotypes, the most productive were the highest. Among the traits number of pods plot -1 , pod yield, grain yield, and relation weight of seed/weight of fruit, the phenotypic and genotypic correlations were positive and high (r G and r F > 0.800). These associations can be ascribed to the fact that the traits in question are affected by the same fundamental physiological processes in the plant. Similar results between pod and grain yield were obtained by Moreira et al. (1994) . The genotypic correlations of percentage of empty pods and number of seeds pod -1 with weight of 100 seeds, pod yield, grain yield and relation weight of seed/ weight of fruit were negative and of high magnitude (r G > 0.700). Moreira et al. (1994) estimated high but positive genotypic correlations between the percentage of empty pods with pod yield and grain yield. The environmental correlations were generally of low magnitude (r E < 0.400). However, between pod yield, grain yield and relation weight of seed/weight of fruit, and number of pods plot -1 with pod yield and grain yield, these correlations were positive and high (r E > 0.800). These results suggest that the action of the environment influenced the expression of these traits in the same sense, with great intensity. A high coefficient of environmental correlation between pod yield and grain yield was also estimated by Moreira et al. (1994) . The partitioning of the genotypic correlations between grain yield and the primary components: number of pods plot -1 , number of seeds pod -1 and weight of 100 seeds into direct and indirect effects (Table 4) shows that the grain yield was positively influenced by the number of pods plot -1 and weight of 100 seeds and negatively by the number of seeds pod -1 . The positive genotypic correlation of elevated magnitude between the number of pods plot -1 and grain yield (r G = 0.885) was caused by the direct effect (1.302) of the number of pods plot -1 in the grain yield that compensated the indirect negative effects by the number of seeds/pod (-0.352 ) and of the weight of 100 seeds (-0.065) ( Table 4) .
The indirect and negative effects of the number of seeds pod -1 through the number of pods plot -1 (-0.842) and the weight of 100 seeds (-0.482) helped that the estimate of the coefficient of genotypic correlation between number of seeds pod -1 and grain yield was negative and of high magnitude (-0.779), although the direct effect of the number of seeds/pod in the grain yield had been positive (0.544).
The estimate of the coefficient of positive genotypic correlation and of low magnitude between weight of 100 seeds and grain yield (r G =0.353) is result of the direct positive effect (0.791) counterbalanced by the indirect negative effects through the number of pods plot -1 (-0.107) and the number of seeds pod -1 (-0.331). Moreira et al. (1994) obtained an estimate of positive genotypic correlation of high magnitude (r G =0.877). Nevertheless, the direct effect of the weight of 100 seeds on the grain yield was negative (-2.928) .
For improvement programs it is important to identify traits of greater direct effect in a favorable sense for selection among those of high correlation with the basic variable, so that the response correlated through the indirect selection is efficient (Cruz and Regazi, 1994) . In our study, the number of pods plot -1 was the trait of strongest direct influence (1.179) in a favorable sense on the grain yield; this trait should therefore be considered when aiming at the selection of productive genotypes. In soybean, the number of pods plant -1 also presented a potential for indirect selection of genotypes with higher yield (Pandini et al. 2002) . According to Wynne and Coffelt
Mode of action
Number of pods plot -1 x grain yield (kg ha -1 )
Direct effect
Indirect effect through the number of seeds pod Table 4 . Path analysis: partitioning of the genotypic correlations into grain yield (1) and the trait number of pods plot -1 (2), number of seeds pod -1 (3) and weight of 100 seeds (4) in direct and indirect effects (1982) ; cited by Godoy et al. (1999) , the highest reproductive efficiency can be expressed by quantitative traits of moderate heritability, such as the number of pods plant -1 or the percentage of fully developed pods. The weight of 100 seeds also presented a direct effect in the favorable sense on the grain yield and can be used in the indirect selection since it is a trait of higher heritability, as suggested in the study of Coffelt et al.(1989) .
The degree of genotypic determination of the grain yield by the primary components of the yield attained a value of R 2 =1.00. A hundred percent of the variation of the grain yield were thus genotypically explained by the trait in consideration. Tatu, BR 1, L.7 Vermelha, CNPA 75 AM, CNPA 76 AM, CNPA 68 AM, L.8.14.12, L.8.14 
Correlações e análise de trilha em amendoim

RESUMO -Parâmetros genéticos de caracteres agronômicos de amendoim foram estimados e os coeficientes de correlação genética entre a produção e os componentes primários da produção desdobrados em efeitos diretos e indiretos. Os genótipos
